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N
ew insights into the genetic ba-
sis of facioscapulohumeral mus-
cular dystrophy, one of the more

common forms of muscular dystrophy,
suggest that the disorder may arise only
in people with specific chromosomal
variants that permit the unusual stabili-
ty of a pathogenic gene transcript.

Prior to the current discovery by
Richard J.L.F. Lemmers, Ph.D., of Leiden
(Netherlands) University Medical Center
and his colleagues (Science 2010;329:1650-
3), the complexity of the genetic setting
in which facioscapulohumeral muscular
dystrophy (FSHD) develops has long
hampered efforts to unravel the patho-
genic mechanism of the disease.

Most people have a long repeated se-
quence of nucleotide bases called a
macrosatellite repeat array on chromo-
some 4q35. In healthy people, this 3.3-
kilobase sequence on 4q35, called D4Z4,
repeats 11-100 times. Patients with au-
tosomal dominant FSHD have a short-
ened array, with only 1-10 D4Z4 units. At
least one D4Z4 unit is necessary to cause
FSHD. A nearly identical repeat array
also occurs on chromosome 10q, but a
decrease in the number of repeated units
on that chromosome has not been
known to cause FSHD.

Other studies have shown that translo-
cated copies of the repeated units from
either chromosome 4 or 10 are often
found on the end of either chromosome.
But FSHD is known to occur with only
certain variants of the repeat array that
is found on the end of chromosome 4q.

The major transcript from each D4Z4
unit is the DUX4 gene, which codes for
a double homeobox protein. But none of
these transcripts has appeared to be sta-
ble except for a transcript of DUX4 from

the distal D4Z4 unit. After observing
that only one D4Z4 unit is necessary to
cause FSHD, Dr. Lemmers and his asso-
ciates chose to examine what makes the
transcriptional profile of the distal unit
pathogenic.

They found that a nucleotide sequence
termed pLAM that lies next to the distal
D4Z4 unit gives stability to the unit’s
DUX4 transcript. This sequence was not
found in other D4Z4 repeat-array con-
figurations of other variants of chro-
mosome 4q or chromosome 10q.

This finding suggested to the re-
searchers that “FSHD may arise through
a toxic gain of function attributable to
the stabilized distal DUX4 transcript.”

Dr. Lemmers and his colleagues then
studied four families with one or more af-
fected individuals who carried unusual hy-
brid D4Z4 repeat-array structures com-
posed of units from chromosome 4q and
10q. This repeat array in one affected in-
dividual even resided on chromosome 10
rather than chromosome 4, which indi-
cated that genes nearby the repeat array
on chromosome 4q do not play a key role
in the pathogenesis of FSHD. This means
that when the last D4Z4 unit and its near-
by pLAM sequence are found together,
they cause the disease regardless of their
chromosomal location.

The study “not only explains the strik-
ing chromosome specificity of the dis-
order, but also provides a genetic mech-
anism that may unify the genetic
observations in patients with FSHD,”
the researchers concluded.

The study was supported by grants
from 11 organizations, health and science
agencies, and foundations. ■
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Poor Outcomes Found for Blacks With Muscular Dystrophy
B Y  D E N I S E  N A P O L I

FROM THE JOURNAL NEUROLOGY

The median age at the time of death for white patients
with muscular dystrophy is 10-12 years older than it

is for black patients with the disease, according an analy-
sis of data from all death certificates in the United States.

Moreover, in the 5 most recent years of the study’s
20-year time period, 24.5% of black males with mus-
cular dystrophy (MD) had cardiomyopathy, compared
with 12.8% of white males with the disease.

The findings “might have been related to different
prevalences of the various types of MD, different nat-
ural histories, or differences in environmental, genet-
ic, or behavioral risk factors,” wrote Aileen Kenneson,
Ph.D., and her colleagues.

With her associates, Dr. Kenneson, who is currently
affiliated with consulting firm McKing Consulting Cor-
poration in Atlanta, looked at records from the National
Center for Health Statistics’ Multiple Cause Mortality
Files, which contain data from all death certificates in
the United States, including immediate and underlying
causes of death coded with the International Classifi-
cation of Diseases.

The group confined their search to the period be-
tween 1986 and 2005; they excluded congenital MD
from their analysis, since “the distribution of age at
death [among these patients] indicated that they were

clinically distinct” from other MD patient types.
Overall, there were 18,315 MD-associated deaths

from 1986 through 2005; roughly three-quarters were
male. The overwhelming majority (90.6%) were white,
while 7.7% of deaths occurred among black patients.
The remaining 1.7% were among patients identified as
being from other races (Neurology 2010;75:982-9).

The authors found a significantly lower median age
at death among black females with MD compared
with white females (51 years vs. 63 years, respectively).

They also noted that among white women, the pro-
portion who were 45 years or older at death increased,
from 78.7% in the first decade of the study period to
83.8% in the second decade.

“In comparison, only about 63% of black females

were 45 years or older at death, and this proportion did
not change over time,” the investigators wrote.

Among males, the median age at death was signifi-
cantly lower among blacks than whites (23 years vs. 33
years, respectively).

The median age at death during the 20-year time span
of the study increased significantly by 1.3 years annu-
ally for white males without cardiomyopathy and 0.2
years annually for those with cardiomyopathy. In con-
trast, the median age at death increased just 0.33 years
annually for black patients without cardiomyopathy.
Black patients with cardiomyopathy showed no signif-
icant gain in life expectancy at all.

The authors pointed out that although cardiomyopa-
thy was more often reported among blacks than whites,
this finding was true “even early in the study period be-
fore the widespread use of corticosteroids and [nonin-
vasive ventilation] were likely to have had an effect.”

That could mean that the increased incidence of car-
diomyopathy among nonwhite patients is due to sim-
ple racial differences the course of MD, or to the high-
er frequency of cardiomyopathy among blacks in
general, rather than a disparity in treatment.

Dr. Kenneson and her coauthors noted that “while the
database contains some possible social effect modifiers,
such as education and marital status, it does not include
information to assess sufficiently other sociocultural vari-
ables, such as health insurance and family structure.” ■

Major Finding: Among patients with MD, the
median age at death was significantly higher for
white males than it was for black males (33
years vs. 23 years).

Data Source: The 1986-2005 National Center for
Health Statistics’ Multiple Cause Mortality Files. 

Disclosures: Lead investigator Dr. Kenneson re-
ported research grants from the CDC; a coinvesti-
gator reported receiving advisory fees and research
support from several pharmaceutical companies
and MD-related support from foundations.
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‘Toxic Gain of Function’ Not Unique

Richard J.L.F. Lemmers, Ph.D.,
and colleagues, part of an in-

ternational consortium of scientists
probing the causes of facioscapulo-
humeral muscular dystrophy
(FSHD), have come upon a coherent
genetic model of this disease that
ties up many of the confusing loose
ends of the FSHD puzzle, a subject
which has long baffled researchers in
the field and clinicians who care for
FSHD patients and their
families. In their report,
Dr. Lemmer and cowork-
ers found that all FSHD
patients the group studied
had an identical DNA se-
quence in the last D4Z4
unit and the immediate
flanking pLAM sequence
of genetic material. Quite
remarkably, the specific gene se-
quence variants appear to convey
pathogenicity to the repeat whether
they occur on chromosome 4 (the
traditional site of the FSHD gene) or
chromosome 10. Furthermore, they
propose that this faulty terminal
D4Z4 unit and adjacent pLAM se-
quence mediate what has been
termed a “toxic gain of function.”

Other neurologic disorders are
known to be caused by a toxic gain
of function, most notably familial
amyotrophic lateral sclerosis, where
a superoxide dismutase 1 (SOD1)
mutation is responsible for the con-
dition, and Huntington’s disease,
where CAG repeats are thought to

mediate the disease. Toxic gain of
function has been proposed as a
mechanism in other diseases as well,
including idiopathic Parkinson’s dis-
ease, where alpha synuclein aggre-
gates lead to degeneration of mes-
encephalic neurons, and Alzheimer’s
disease, where tau phosphorylation
in the hippocampus is thought to
lead to neuronal deterioration.

The report from Dr. Lemmer’s
group provides convinc-
ing genetic data for a plau-
sible model of FSHD. The
hypothesis that this mus-
cle disease occurs on the
basis of a toxic gain of
function brought about
by stabilized DUX4 tran-
script may turn out to be
sound. Investigation of

further FSHD kindreds by Dr. Lem-
mer’s group and others will deter-
mine whether this pathogenic mod-
el will stand the test of time.

What do these findings mean for
FSHD patients and the neurology
community? Establishing an incon-
trovertible molecular mechanism
for this common inherited muscle
disease is the first step to devising
therapies aimed at correcting or re-
placing the faulty genetic machinery
that underlies FSHD.

BENN E. SMITH, M.D., is an associate
professor of neurology and the director
of the sensory laboratory at the Mayo
Clinic Arizona, Scottsdale. 
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